Six Phyllosticta strains were isolated from diseased leaves of Musa species in Chongqing and Guizhou provinces, China. Morphological and molecular analysis of LSU and combined ITS, ACT, TEF-1, and GPDH gene sequences, identified these strains as P. capitalensis (3 strains), P. musarum (1 strain) and two isolates were distinct from known Phyllosticta species. The latter is herein introduced as Phyllosticta musaechinensis sp. nov. A description and illustrations are provided, and the new species is compared with other species from Musa in this paper.
Introduction
The genus Phyllosticta is an important causal agent of banana (Musa sp.) leaf and post-harvest diseases (Meredith 1968 , Jones & Alcorn 1982 , Wulandari et al. 2010 . Seven species of Phyllosticta have been recorded from banana although their identification is confusing (Meredith 1968 , Chuang 1981 , Brown et al. 1998 , Photita et al. 2001 , van der Aa & Vanev 2002 , Pu et al. 2008 , Wong et al. 2013 , Wulandari et al. 2010 . Wulandari et al. (2010) investigated the Guignardia/Phyllosticta species associated with freckle disease on banana leaves, re-examined the holotype of each epithet, and reported that the agents of banana freckle are Guignardia musae Racib. and G. musicola Wulandari, L. Cai & K.D. Hyde. Wong et al. (2012) used the name Phyllosticta rather than Guignardia, found five species on Musa in Australia, designated the epitypes for Phyllosticta maculata M.H. Wong & Crous and P. musarum (Cooke) Aa, and described P. cavendishii M.H. Wong & Crous as a new species. The history of Phyllosticta on banana was also discussed by Wulandari et al. (2010) and Wong et al. (2012) . Phyllosticta capitalensis Henn., P. cocoicola (Bat.) Sivan., Phyllosticta musae (as Guignardia musae), Phyllosticta musicola and Guignardia sydowiana Trotter have been also recorded as endophytes on banana (Brown et al. 1998 , Photita et al. 2001 . Wikee et al. (2013) provided a multilocus backbone tree for Phyllosticta species based on combined ITS, TEF-1, ACT, LSU and GPDH region genes, however, they did not include pathogens from banana (except the ubiquitous endophyte, P. capitaliensis). In the present study six, Phyllosticta strains were isolated from diseased leaves of Musa spp. from Chongqing and Guizhou provinces in China. Among them, one taxon differed from known Phyllosticta species from banana and other hosts. The aim of this paper is to describe the new species based on morphological and molecular data and investigate the relationship of P. musaechinensis with other species.
Materials and methods

Isolates
Symptomatic banana leaves with small to expanding lesions were selected for isolation. The leaves were cut into pieces approximately 3 × 5 cm, surface sterilized in 70% ethanol for 1 min, and then air-dried. Isolations were performed using two different laboratory methods. Firstly, a fruiting body was transferred into sterile water, allowed to soak overnight, and then single spore isolates were prepared using the method described in Chomnunti et al. (2014) . Secondly, single fruiting bodies, observed under a stereo microscope were removed with a scalpel and plated onto potato dextrose agar (PDA) containing streptomycin sulphate to inhibit bacterial growth (Wong et al. 2012) . The ex-type strain has been deposited in Guizhou Academy of Agricultural Sciences Collection (GZAAS) and an ex-paratype strain has been sent to International Collection of Microorganisms from Plants (ICMP) and Mae Fah Luang University Culture Collection (MFLUCC), respectively.
DNA isolation, amplification and phylogeny DNA was extracted from isolates growing on PDA at 28°C for 30 d following the protocol of Cubero et al. (1999) . The primers used were LROR (Rehner & Samuels 1994 ) and LR5 (Vilgalys & Hester 1990) for LSU region, ITS1 and ITS4 (White et al. 1990) for ITS region, EF1-728F and EF1-986R (Carbone & Kohn 1999) for translation elongation factor 1-α gene (TEF-1), ACT-512F and ACT-783R (Carbone & Kohn 1999) for the actin gene (ACT) and GDF1 (Guerber et al. 2003) and Gpd2-LM (Myllys et al. 2002 ) or GDR1 (Guerber et al. 2003 for the glyceraldehyde 3-phosphate dehydrogenase gene (GPDH). Amplification conditions followed Arzanlou et al. (2008) . DNA sequencing was performed at the SinoGenoMax Company (Beijing, China) using corresponding primer pairs in sequencing. Novel sequences have been deposited in the GenBank (Tab. 1) Sequences of our isolates together with reference sequences obtained from GenBank (Table 1) were aligned with MAFFT (Katoh et al. 2005) . The alignments were checked visually and improved manually if necessary in BioEdit (v. 7.1.3.0). The index of substitution saturation was assessed using DAMBE v5.3.70 (Xia et al. 2003) . The selection of conserved blocks was conducted using Gblocks v0.91b. The phylogenetic analysis of the aligned sequences was conducted using PAUP v.4.0b10 (Swofford 2003) for maximum-parsimonious analysis.
TABLE1 Sources of isolates and GenBank accession number used in this study
Species
Strain no. The models of evolution were estimated with MrModeltest v2.3 (Nylander 2004 ). Bayesian analyses with the selected evolutionary model were performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) . Six simultaneous Markov chains were run for 1× 10 6 generations and trees were sampled every 100th generation. The first 2000 trees, representing the burn-in phase of the analyses, were discarded and the remaining 8000 trees used for calculating posterior probabilities (PP) in the majority rule consensus tree (Liu et al. 2012) .
The models of evolution were estimated with MrModeltest v2.3 (Nylander 2004 ). The alignments were converted by ALTER on http://sing.ei.uvigo.es/ALTER (Glez-Peña et al. 2010) . A maximum likelihood analysis was performed (Silvestro et al. 2012) . One thousand non parametric bootstrap iterations were run with the GTR model and a discrete gamma distribution. The resulting replicates were plotted on to the best scoring tree obtained previously. The representative sequences and phylogenetic analyses were performed according to Wong et al. (2012) .
Morphological characters
Specimens were observed by a Nikon eclipse 80i compound microscope with DS-5Mc camera and an Olympus SZX2 stereomicroscope. Hand sections were made for microscopic examination. Measurements were made in water. The morphological characters of colony were assessed after 60 d growth on PDA, MEA (malt extract agar) and OA (oat agar).
Results
Phylogenetic analysis
The six isolates from banana obtained in this study were sequenced using five (LSU, ITS, ACT, TEF-1 and GPDH) genes.
The LSU alignment contained 22 sequences (including the outgroup Botryosphaeria dothidea) and consisted of 780 (including alignment gaps) total characters, of which 60 characters (7.7%) are parsimony informative. A heuristic search with random addition of taxa (1000 replicates) and treating gaps as missing characters generated 1 parsimonious tree(TL = 127, CI = 0.764, RI= 0.880, RC= 0.672, HI= 0.236) shown in Fig. 1 . Bootstrap support values of MP (BS) (equal to or above 50%) and Bayesian posterior probabilities (PP) (equal to or above 0.90 based on 1,000,000 generations) are shown on the upper branches. The phylogenetic tree of the LSU region indicated that all Phyllosticta species and the six new isolates form a monophyletic lineage sister to Botryosphaeria dothidea (BS = 100). It confirms that the six isolates, GZAAS6.1201, GZAAS6.1202, GZAAS6.1228, GZAAS6.1242, GZAAS6.1247 and GZAAS6.1384 were members of Phyllosticta sensu stricto.
The combined dataset of ITS, ACT, TEF-1 and GPDH contained 75 combined 250 sequences from 64 taxa and comprised 1644 total characters including gaps, of which 887 characters were constant; 535 characters(32.5%) were parsimony informative; 211 variable characters are parsimony-uninformative. A heuristic search with random addition of taxa (1000 replicates) and treating gaps as missing characters generated 2496 equally parsimonious trees. All trees were similar in topology, first of which equally most parsimonious tree (TL = 2760, CI = 0.435, RI = 0.707, RC = 0.307, HI = 0.565) shown in Fig. 2 . Bootstrap support values of most parsimonious (MPBS) and maximum likelihood (MLBS) (equal to or above 50 %) are shown on the upper branches. The phylogenetic tree based on four gene loci analysis indicated that three isolates, GZAAS6.1201, GZAAS6.1202 and GZAAS6.1242, clustered with P. capitalensis and formed a branch with high support (MPBS = 83, MLBS = 87). GZAAS6.1228 was shown to be species of P. musarum (MPBS = 77, MLBS = 94). GZAAS6.1247 and GZAAS6.1384 formed a strong single lineage (MPBS = 100, MLBS = 100) relative to P. musarum, P. maculata and P. cavendishii. Etymology:-From Musa, the host and chinensis, in reference to the first collection of the species on a banana host in China.
Weakly pathogenic on leaves of Musa sp., slightly discoloring leaves yellow, with black, shiny conidiomata forming on healthy green, or yellowing parts of leaves. Sexual state: Unknown. Asexual state: Pycnidia 45-145 μm ( = 93 μm) diam. subcuticular to erumpent, solitary or clustered in small groups, black, shiny, globose or subglobose, with a rounded ostiole at the center. Conidiogenous cells cylindrical or conical. Conidia 14-18 × 8-12 μm ( = 17 × 10 μm), hyaline, aseptate, coarsely guttulate, ellipsoidal or clavate, thin-and smooth-walled, surrounded by a mucilaginous sheath 0.5-3.5 μm thick, apex tapering, straight to curved, appendage 4.0-18.5 μm ( = 12 μm) long. Spermatial state: unknown.
Colony on PDA bluish black to black, without aerial mycelium, irregular, raised to about 0.7 mm, reaching 14.2-12.5 mm diam after 60 d at 28°C. Pycnidiasolitary or aggregated in colony, black. Conidia 15.5-22.5 × 8.5-13 μm ( = 18 × 11 μm), hyaline, aseptate, coarsely guttulate, ellipsoidal, clavate or irregular, thin-and smooth-walled, surrounded by a mucilaginous sheath or not, apex tapering, straight to curved 4-18 μm ( = 11.6 μm). Spermatia not formed.
Known 
Discussion
After phylogenetic analysis based on four gene loci (Fig. 2) , our taxon displayed a close relationship with P. musarum, P. maculata and P. cavendishii with strong statistical support, but formed an independent branch. All of these species are known from Musa sp. Additionally, four other species of Phyllosticta/Guignardia have also been reported from banana (van der Aa & Vanev 2002 , Wulandari et al. 2010 , Wong et al. 2012 . Thus, we compare our taxon with these seven species. The asexual morphs of G. stevensii and G. sydowiana have never been reported (Wulandari et al. 2010) . However, only the asexual states have been found for our new species. The new species shows greater variability than other related Phyllosticta spp. in pycnidia size, and the conidia are longer than those of P. capitalensis, P. musicola, and P. cavendishii. The conidial appendage of P. musaechinensis is shorter than in P. maculata and P. musarum. Thus, P. musaechinensis is distinguished from other Phyllosticta spp. from banana in pycnidia size, conidia size, mucilaginous sheath and appendage. The detailed information about morphological comparison is shown in Table 2 .
Phyllosticta musaechinensis caused disease symptom similar to freckle disease, however, this weak pathogen mainly attacked older leaves which rapidly became yellow around the leaf spots. Additionally, leaves could not be infected by artificial inoculation. 
